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1 0 0 probability that a novel virulent pathogen will be generated through mobile DNA invasion, and 1 0 1 subsequently encounter a large, genetically homogeneous host population into which it can 1 0 2 emerge and then rapidly spread. cucurbits, is one plant pathogen with genomic changes consistent with a recent emergence into a 1 0 5 novel host plant population (19, 20) . E. tracheiphila is a highly virulent phytopathogen only summary, cucumber is significantly more susceptible than squash at both tested temperatures. virulence in squash and also increase virulence of E. tracheiphila against cucumber. In our comprehensive study of Erwinia tracheiphila genomic diversity, host plant 3 0 8 association patterns and demographic history we found that E. tracheiphila is comprised of three 3 0 9 distinct, homogeneous phylogenetic lineages that have an excess of rare genetic variants. From 3 1 0 this, we infer that these three clusters were recently founded by small populations, and are introduction of all cucurbit crop plants into temperate Eastern North America, one of the world's 3 1 5 most agriculturally intensive regions, likely created a novel ecological niche (33, 64, 65) .
Cucumber, a recently introduced crop plant, is the most susceptible plant species in the 3 1 7 greenhouse and field, and the only plant species highly susceptible to infection by isolates from 3 1 8 all three E. tracheiphila lineages. The high susceptibility of cucumber to isolates from all three 3 1 9 clusters in both the field and greenhouse suggests that cucumbers could be functioning 3 2 0 ecologically as a highly susceptible reservoir host. This presents the possibility that E. cultivated Cucumis spp. into temperate North America in the early 1500s (33). diverse metabolic capabilities to a pathogen with a narrow, host-specialized ecological niche. However, the species identity, geographic origin, and host relationships of the direct E. However, the probability of success from this approach for controlling E. tracheiphila is likely to 3 4 4 be low. Cucumber is the best characterized of all cucurbit crops, and this species was found to are broadly deployed in large, homogeneous crop plant populations (77, 78) . This potential to 3 5 4 rapidly generate novel variants from a recombining source population(s), together with ability to 3 5 5 horizontally acquire virulence effectors will be important to consider when attempting to design 3 5 6 durable resistance strategies for agricultural systems (20, 79) . Many -perhaps most -of the economically damaging plant pathogens and insect pests 3 5 8 have emerged after the Neolithic Revolution (11, 16, (80) (81) (82) (83) (84) (85) (86) (87) . Yet, little effort has been put 3 5 9 1 7 towards using ecological principles to plan genetic, physiological and/or structural complexity 3 6 0 into agricultural systems to mitigate susceptibility to rapid spread of newly emerged insect pests 3 6 1 or microbial pathogens (10). We hypothesize that the kind of local pathogen (or insect pest) 3 6 2 emergence such as what has happened with E. tracheiphila is more common than currently 3 6 3 understood. Further, we predict that these local emergence events can in some cases be followed are vital for local and global food security, we urgently need to develop approaches for building 3 6 7 sustainable agro-ecosystems that are rooted in ecological and evolutionary principles. deterrents for almost all insect and mammalian herbivores, including humans (91-94). The Chrysomelidae), and for these beetles, cucurbitacins function as arrestants and feeding stimulants (92, 95, 96). Acalymma ssp. is a strictly New World genus of highly specialized leaf beetles that for almost all species (102, 103). Losses from E. tracheiphila are an annual epidemic in temperate Eastern North America 3 9 7 (22, 25, 26, 29, 41, 89, 100, (104) (105) (106) (107) (108) . No losses from E. tracheiphila have been reported 3 9 8 anywhere else in the world. To evaluate whether the reported geographic restriction of E. Oaxaca; in Europe, and in Southeast Asia. There is one report of E. tracheiphila in New Mexico 4 0 5 1 9 (109), but this isolate was said to be from a cultivated watermelon (which is not susceptible) and 4 0 6 this isolate is not archived nor do gene sequences from it exist, and we must therefore at this time 4 0 7 consider it as a single erroneous report. Single E. tracheiphila isolates were obtained from symptomatic squash (Cucurbita spp.) Texas, and are now greenhouse cultivated then field transplanted for academic research at was electroporated into competent E. tracheiphila cells. For this, we followed protocols 4 6 9 described previously (111). Briefly, competent E. tracheiphila cells were prepared by growing E. tracheiphila were obtained after 5 days at room temperature. reference BuffGH genome (20), using the RATT function in PAGIT 1.0 (115). We assumed that 4 9 2 all pseudogenes are the same in all isolates, which will only be confirmable with long read 4 9 3
PacBio sequencing of these isolates followed by manual annotations. Orthologous gene families present in all E. tracheiphila isolates were identified from the de novo 4 9 7 assemblies with OrthoMCL (116) through an all-versus-all BLASTP 2.2.28 + search with an E-4 9 8 value cutoff of 10 −5 . The orthologous genes were aligned using MAFFT 6.853 (117). The gene 4 9 9 alignments were trimmed with trimAl version 1.2 using the "automated1" option (118). The The genes from the manual annotations transferred to the mapped assemblies were used in an all- run separately for all the isolates within each lineage to identify the core orthologous gene 5 1 1 families within each of Et-melo, Et-C1, and Et-C2. For population genetics analyses, the 'core' 5 1 2 genes shared by all isolates within each of the three lineages were designated as either 'Intact', 'Pseudogenized/Repetitive', meaning they are either predicted to be pseudogenes or were 5 1 5 predicted to be mobile DNA (genes from bacteriophage, insertion sequences, plasmids, or 5 1 6 transposases). The 'Pseudogenized/Repetitive' genes from bacteriophage, insertion sequences, plasmids, or transposases were determined by domain assignments with PfamScan 1.5 (120), ISFinder (January 2015 update) (121), and PHAST (122) as described in (20). For Et-C1 and Et-5 1 9 2 4 melo clusters sampled at multiple time points, two groups were created: isolates collected from 5 2 0
2008-2010 or collected in 2015. Genetic diversity was quantified for each cluster using population size and μ is the mutation rate.
2 3
For recombination estimates, quality filtered reads were mapped to the reference BuffGH than 10X coverage or (iii) with more than 150X coverage, since short Illumina reads cannot be 5 2 9
accurately placed over repetitive regions. Recombination rates within each pathovar were The Micropan package (128) in R 3.2 (129) was used to identify the core and pangenome of de Annotation' section above) were used to ensure that the entire repertoire of genes present per 5 3 8 isolate were included, and the pangenome estimates would not be biased with mapping used to identify genes that were 'rare' (present in less than 5% of isolates) or 'core' (present in 5 4 3 more than 95% of the sequenced isolates). The ab initio predicted genes from each E. tracheiphila sequenced isolate were searched against The ab initio coding sequences predicted by PROKKA from each E. tracheiphila isolate were with gplots (130) in R 3.2 (129).
6 3
To reconstruct the phylogeny of the cluster specific effector genes identified in E. Pathogens 7:e1002130. was reconstructed from concatenated alignments of the 1567 core gene families identified with and year of collection are listed in Supplemental Table 1 . Table 2 ). The percentage of 'rare' and 'core' genes 1 0 5 5 not in COG (far right) are shown for scale, but are were not included in the statistical tests. name of each tested isolate is shown inside a light gray bar, and the isolates are grouped 1 0 7 0 according to the phylogenetic cluster to which they belong (see Figure 2a ). show in vitro growth for 7 isolates from Et-C1, 2 isolates from Et-C2, and 4 isolates from Et-1 0 7 4 melo grown at four different temperatures. Bacterial growth was assessed via optical density Incubation was at either temperate (dark red for squash and dark blue for cucumber) or 
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